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[Claims] 

[Claim 1] The OFDM receiver including: a level 
detection means that detects a receiving level for every 
career of an input signal when receiving a signal 
transmitted with an OFDM system, a selecting means 
that changes and uses plural antennas based on a 
detection result of this level detection means. 
[Claim 2] The OFDM receiver according to claim 1 
including: an extraction means to extract a career with 
the lowest receiving level from a detection result of the 
mentioned above level detection means, a control means 
that controls the mentioned above selecting means to 
choose an antenna that received a career with the 
highest receiving level in the minimum receiving level 
career for every antenna that this extraction means 
extracted. 

[Claim 3] The OFDM receiver according to claim 1 
including: an extraction means to extract a career with 
the largest phase error after detection processing of a 
detection result of the mentioned above level detection 
means, a control means that controls the mentioned 
above selecting means, so that an error chooses an 
antenna that received the smallest career in a career that 
has the inaccuracy for every antenna that this extraction 
means extracted. 

[Claim 4] The OFDM receiver according to claim 1 
including: a calculating means that takes an average for 
every antenna from a detection result of the mentioned 
above level detection means and computes an average 
receiving level of each antenna, an extraction means to 
extract the minimum receiving level career for every 
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antenna from a detection result of the mentioned above 
level detection means, a difference of the maximum 
receiving level in an output of this extraction means and 
the minimum receiving level is computed, an antenna 
that received a career with the highest receiving level in 
the minimum receiving level career for every antenna 
when a direction of a threshold had a small comparison 
result of this difference and threshold is chosen, a 
control means that controls the mentioned above 
selecting means, so that an average receiving level for 
every antenna chooses the greatest antenna, when the 
threshold is larger. 

[Claim 5] The OFDM receiver including: a division 
means to divide an input signal into plural frequency 
bands when receiving a signal transmitted with an 
OFDM system, a level detection means that detects a 
receiving level for every frequency band of this, and a 
selecting means ttiat changes and uses plural antennas 
based on a detection result of this level detection means. 
[Claim 6] The OFDM receiver including according to 
claim 5: an extraction means to extract a zone with the 
lowest receiving level from a detection result of the 
mentioned above level detection means, a control means 
that controls the mentioned above selecting means to 
choose an antenna that received a zone with the highest 
receiving level in a zone used as the minimum receiving 
level for every antenna that this extraction means 
extracted. 
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[Claim 7] The OFDM receiver according to claim 5 or 

6, characterized by that the mentioned above division 
means has a thinning means that thins out a signal after 
division. 

[Claim 8] The OFDM receiver according to claim 6 or 

7, characterized by that the mentioned above extraction 
means extracts a zone with the lowest average receiving 
level. 

[Claim 9] A terminal device for OFDM system mobile 
communications systems using the OFDM receiver 
according to claims 1-8. 

[Claim 1 0] A diversity method of an OFDM receiver 
characterized by including: a level detection process of 
detecting a receiving level for every career of an input 
signal when receiving a signal transmitted with an 
OFDM system, a selection process that changes and 
uses plural antennas based on a detection result of this 
level detection process. 

[Claim 11 ] A diversity method of the OFDM receiver 
according to claim 1 0 characterized by including: an 
extraction process of extracting a career with the lowest 
receiving level from a detection result of the mentioned 
above level detection process, a control process of 
controlling the mentioned above selection process to 
choose an antenna that received a career with the 
highest receiving level in the minimum receiving level 
career for every anteima ttiat this extraction process 
extracted. 

[Claim 12] A diversity method of the OFDM receiver 
according to claim 10 characterized by including: an 
extraction process of extracting a career with the largest 
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phase error after detection processing of a detection 
result of the mentioned above level detection process, a 
control process of controlling the mentioned above 
selection process so that an error chooses an antenna 
that received the smallest career in a career that has the 
inaccuracy for every antenna that this extraction process 
extracted. 

[Claim 1 3] A diversity method of the OFDM receiver 
according to claim 10 characterized by including: a 
calculating process that takes an average for every 
antenna from a detection result of the mentioned above 
level detection process and computes an average 
receiving level of each antenna, an extraction process of 
extracting the minimum receiving level career for every 
antenna from a detection result of the mentioned above 
level detection process, a difference of the maximum 
receiving level in an output of this extraction process 
and the minimum receiving level is computed, an 
antenna that received a career with the highest receiving 
level in the minimum receiving level career for every 
antenna when a direction of a threshold had a small 
comparison result of this difference and threshold is 
chosen, a control process of controlling the mentioned 
above selection process, so that an average receiving 
level for every antenna chooses the greatest antenna 
when the threshold is larger. 
[Claim 14] A diversity method of an OFDM receiver 
characterized by including: a partitioning process that 
divides an input signal into plural frequency bands when 
receiving a signal transmitted with an OFDM system, a 
level detection process of detecting a receiving level for 
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every frequency band of this and a selection process that 
changes and uses plural antennas based on a detection 
result of this level detection process. 

[Claim 15] A diversity method of the OFDM receiver 
according to claim 14 characterized by including: an 
extraction process of extracting a zone with the lowest 
receiving level from a detection result of the mentioned 
above level detection process, a control process of 
controlling the mentioned above selection process to 
choose an antenna that received a zone with the highest 
receiving level in a zone used as the minimum receiving 
level for every antenna that this extraction process 
extracted. 

[Claim 1 6] A diversity method of the OFDM receiver 
according to claim 14 or 15, characterized by that the 
mentioned above partitioning process has the thinning 
process of thinning out a signal after division. 

[Claim 17] A diversity method of the OFDM receiver 
according to claim 15 or 16, characterized by that the 
mentioned above extraction process extracts a zone with 
the lowest average receiving level. 

[Detailed description of the invention] 

[0001] 

[Field of the invention] This invention relates to the 
receiver used for the digital mobile communications that 
used the orthogonal frequency division multiplexing 
method (next OFDM). 
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[0002] [Description of the prior art] First, the 
conventional OFDM receiver is explained using 
drawing 1 1 . Drawing 1 1 is a block diagram showing the 
composition of the conventional OFDM receiver. 
[0003] The antenna changeover device 1103 changes 
the antenna 1101- 11 02. The analog mixer 1 104 mixes 
and carries out the down convert of the polar zone 
oscillation signal to an input signal. A/D converter 1 105 
changes an analog signal into a digital signal. 

[0004] DFT circuit 1 106 performs discrete Fourier 
transform (next DFT) to an input signal. The 
differentially coherent detection machines 1 107-1 1 10 
perform differentially coherent detection to an input 
signal. The discrimination devices 1111-1115 judge the 
inputted signal. The Parallel-Serial converter (next P/S 
converter) 1116 changes Ihe input signal of a plural 
series into the signal of one series. 

[0005] The level detector 1117 performs level detection 
of an input signal. The switch 1118 changes and outputs 
the signal inputted according to the control signal. The 
memories 1119 and 1 120 store the level information for 
every antenna, respectively. The digital subtractors 1121 
perform subtraction treatment. 
[0006] Subsequently, the composition of the 
differentially coherent detection machines 11 07-1 1 10 is 
explained using drawing 12. Drawing 12 is a block 
diagram showing the composition of a differentially 
coherent detection machine. The delay device 1201, 1 
symbol delay an input signal and outputs it. The 
multiplier 1202 carries out the multiplication of the 
output signal and input signal of the delay device 1201, 
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and outputs them as a differentially coherent detection 
signal. 

[0007] Subsequently, the operation in the case of using 
an antenna one line is explained, ttie number of careers 
is set to 4. 

[0008] The selected output of the input signal received 
by the antennas 1101 and 1 102 is carried out by the 
antenna changeover device 1 103. The antenna 
changeover device 1 103 is controlled by the decision 
result of the discrimination devices 1115. 
[0009] Subsequently, the analog mixer 1 1 04 makes the 
high frequency band signal that the antenna changeover 
device 11 03 outputs mix a polar zone oscillation signal, 
and carries out a down convert. After that, an input 
signal is sent to A/D converter 1 105, and is changed 
into a digital signal. 

[0010] DFT circuit 1 106 performs a DFT operation to 
the digital signal that A/D converter 11 05 outputted and 
acquires four baseband signals transmitted by each of 
four careers. 

[001 1] With the differentially coherent detection 
machines 1 107-1 1 10, differentially coherent detection is 
performed and, as for 4 baseband signals ttiat DFT 
circuit 1 106 outputted, each differentially coherent 
detection signal is acquired, respectively. 

[0012] Although the case where a delay detection 
system was used as a demodulation method here was 
explained, a synchronous detection method may be used 
too. 
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[0013] A differentially coherent detection signal is 
judged by the discrimination devices 1111-1114, 
respectively, and the differentially coherent detection 
signal after a judgment is acquired. The P/S converter 
1116 changes these into one signal and a demodulation 
signal is acquired. 

[0014] The level detector 1117 performs the sum of 
squares operation of the output signal of A/D converter 
1 105 and detects an average receiving level. This 
detection is performed for every antenna, by the switch 

1 1 18, the average level information of the antenna 1101 
is stored in the memory 1119 and the average level 
information of the antenna 1 102 is stored in the memory 
1120, respectively. 

[0015] Subsequently, the subtracter 1121 carries out 
subtraction treatment of the level information at the time 
of the antenna 1101 selection stored in the memory 

1119, and the level information at the time of the 
antenna 1 102 selection stored in the memory 1 120. The 
discrimination devices 1115 judges whether the 
receiving level of which antenna is stronger, and the 
result is outputted to the antenna changeover device 
1103. 

[0016] Generally in the frame format, the pilot symbol 
that is a known reference signal is added before the 
message. Level measurement for performing antenna 
selection is performed using the pilot symbol added 
before this message. 

[0017] Also, although the case where the mentioned 
above number of careers is 4 is described, it is possible 
for the number of careers to be 8, 16, 32, 64. . . 
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Although the number of antennas explained the case 
where it was referred to as 2, it can take the same 
composition also about the case where the number of 
antennas is increased further, by providing the memory 
(the above two, 1119 and 1 120) of the number of 
antennas, and the same number. 
[0018] 

[Problems to be solved by the invention] However, 
there are the following problems in the conventional 
device. 

[0019] Under real environment, a delayed wave arises 
and what is called frequency selective fading from 
which amplitude and phase change differ with 
frequency occurs. This influence becomes large, when 
signal- transmission speed becomes high and a 
transmission band becomes large especially. 

[0020] Since phasing fluctuation changes greatly with 
each careers when frequency selective fading has arisen, 
line quality changes greatly with each careers. Thus, 
even if the average receiving level in front of DFT 
performs antenna selection, it does not become the 
optimal antenna selection, but there is a problem that the 
diversity effect of improving error rate characteristics 
falls. 

[0021] This invention is made in view of this point The 
purpose is to provide the OFDM receiver that performs 
antenna diversity suitable at the time of generating. 
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[0022] 

[Means for solving the problem] Since, as for a main 
point of this invention, the whole length generally 
worsens at a career with the worst line quality, as for the 
error rate characteristics of a wireless circuit, when a 
receiving level has fallen greatly only a specific career 
by frequency selective fading, an example is taken by it 
not being suitable to perform antenna selection 
according to a circuit average receiving level, detect a 
receiving level for every career of each antenna and a 
career set to the minimum receiving level for every 
antenna is extracted, it is performing antenna diversity, 
so that a circuit in which depression includes a large 
career may not be chosen by rubbing that compare a 
receiving level of the minimum receiving level career of 
each antenna and chooses an antenna with the highest 
minimum receiving level. 
[0023] 

[Embodiment of the invention] The OFDM receiver 
according to the 1st mode of this invention takes the 
composition possessing the level detection means that 
detects the receiving level for every career of an input 
signal when receiving the signal transmitted with the 
OFDM system and the selecting means lhat changes and 
uses plural antennas based on the detection result of this 
level detection means. 

[0024] According to this composition, in OFDM type 
radio, since the receiving level for every career can be 
grasped, an antenna can be chosen in view of the 
depression condition of the receiving level for every 
career and suitable diversity can be carried out. 
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[0025] The OFDM receiver according to the 2nd mode 
of this invention, an extraction means to extract a career 
with the lowest receiving level from the detection result 
of the mentioned above level detection means in the 1st 
mode, the composition possessing the control means 
that controls the mentioned above selecting means to 
choose the antenna that received the career with the 
highest receiving level in the minimum receiving level 
career for every antenna ttiat this extraction means 
extracted is taken. 

[0026] Since it can avoid choosing the circuit that had 
the career on which the receiving level fell greatly also 
on one career in OFDM system radio and from which 
the quality of the whole circuit has fallen according to 
this composition, suitable antenna diversity can be 
performed under frequency selective fading too. 
[0027] The OFDM receiver according to the 3rd mode 
of this invention, an extraction means to extract a career 
with the largest phase error after the detection 
processing of the detection result of the mentioned 
above level detection means in the 1 st mode, the 
composition possessing the control means that controls 
the mentioned above selecting means, so that an error 
chooses the antenna that received the smallest career in 
the career that has the inaccuracy for every antenna that 
this extraction means extracted is taken. 

[0028] According to this composition, in OFDM system 
radio, since the accuracy of antenna selection improves, 
suitable diversity can be performed and error rate 
characteristics can be improved. 
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[0029] The OFDM receiver according to the 4th mode 
of this invention, the calculating means that takes the 
average for every antenna from the detection result of 
the mentioned above level detection means and 
computes the average receiving level of each antenna in 
the 1st mode, an extraction means to extract the 
minimum receiving level career for every antenna from 
the detection result of the mentioned above level 
detection means, the difference of the maximum 
receiving level in the output of this extraction means 
and the minimum receiving level is computed, the 
antenna that received the career with the highest 
receiving level in the minimum receiving level career 
for every antenna when the direction of a threshold had 
a small comparison result of this difference and 
threshold is chosen, the composition possessing the 
control means that controls the mentioned above 
selecting means, so that the average receiving level for 
every antenna chooses the greatest antenna, when the 
threshold is larger is taken. 

[0030] According to this composition, the difference 
between the receiving levels in the career set to the 
minimum level for every antenna in OFDM system 
radio is small, even when the minimum level career for 
every antenna has fallen in about I appearance, suitable 
diversity can be performed and error rate characteristics 
can be improved. 

[0031] The OFDM receiver accordmg to the 5th mode 
of this invention, the composition possessing a division 
means to divide an input signal into plural frequency 
bands when receiving the signal transmitted with the 
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OFDM system, the level detection means that detects 
the receiving level for every frequency band of this and 
the selecting means that changes and uses plural 
antennas based on the detection result of this level 
detection means is taken. 

[0032] According to this composition, in OFDM system 
radio, since the receiving level for every frequency band 
can be grasped, an antenna can be chosen in view of the 
depression condition of the receiving level for every 
frequency band and suitable diversity can be carried out. 
[0033] The OFDM receiver according to the 6th mode 
of this invention, an extraction means to extract a zone 
with the lowest receiving level from the detection result 
of the mentioned above level detection means in the 5th 
mode, the composition possessing the control means 
that controls the mentioned above selecting means to 
choose the antenna that received the zone with the 
highest receiving level in the zone used as the minimum 
receiving level for every antenna that this extraction 
means extracted is taken. 

[0034] According to this composition, in OFDM system 
radio, by choosing an antenna with the highest receiving 
level of the minimum level zone for every antenna, 
suitable diversity can be performed and the number of 
symbols that a recovery improves simultaneously takes 
error rate characteristics can be reduced. 
[0035] The OFDM receiver according to the 7th mode 
of this invention takes the composition that includes a 
thinning means by which the mentioned above division 
means thins out the signal after division in the 5th mode 
or 6th mode. 
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[0036] According to this composition, in OFDM system 
radio, a sampling frequency required for DFT can be 
reduced and an operation amount can be reduced. 

[0037] In the 6th mode or 7th mode, as for the OFDM 
receiver according to the 8th mode of this invention, the 
mentioned above extraction means takes the 
composition from which an average receiving level 
extracts the lowest zone. 

[0038] According to this composition, in OFDM system 
radio, the accuracy of antenna selection can be raised 
and error rate characteristics can be improved. 

[0039] The 9th mode of this invention is a terminal 
device for OFDM system mobile communications 
systems that uses one OFDM receiver of the 1st mode to 
the 8th mode. 

[0040] According to this composition, in OFDM system 
radio, suitable antenna diversity is performed and line 
quality can be kept good also in the time of frequency 
selective fading generating. 
[0041] The diversity method of the OFDM receiver 
according to the 10th mode of this invention, the level 
detection process of detecting the receiving level for 
every career of an input signal when receiving the signal 
transmitted with the OFDM system and the selection 
process that changes and uses plural antennas based on 
the detection result of this level detection process were 
provided. 

[0042] According to this method, in OFDM system type 
radio, since the receiving level for every career can be 
grasped, an antenna can be chosen in view of the 
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depression condition of the receiving level for every 
career and suitable diversity can be carried out. 
[0043] The diversity method of the OFDM receiver 
according to the 11th mode of this invention, the 
extraction process of extracting a career with the lowest 
receiving level from the detection result of the 
mentioned above level detection process in the 10th 
mode, the control process of controlling the mentioned 
above selection process to choose the antenna that 
received the career with the highest receiving level in 
the minimum receiving level career for every antenna 
that this extraction process extracted was provided. 
[0044] Since it can avoid choosing the circuit that had 
the career on which the receiving level fell greatly also 
on one career in OFDM system radio and from which 
the quality of the whole circuit has fallen according to 
this method, suitable antenna diversity can be performed 
also under frequency selective fading. 
[0045] The diversity method of the OFDM receiver 
according to the 12th mode of this invention, the 
extraction process of extracting a career with the largest 
phase error after the detection processing of the 
detection result of the mentioned above level detection 
process in the 10th mode, the control process of 
controlling the mentioned above selection process so 
that an error chooses the antenna that received the 
smallest career in the career that has the inaccuracy for 
every antenna that this extraction process extracted was 
provided. 
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[0046] According to this method, in OFDM system 
radio, since the accuracy of antenna selection improves, 
suitable diversity can be performed and error rate 
characteristics can be improved. 
[0047] The diversity method of the OFDM receiver 
according to the 13th mode of this invention, the 
calculating process that takes the average for every 
antenna from the detection result of the mentioned 
above level detection process and computes the average 
receiving level of each antenna in the 10th mode, ftie 
extraction process of extracting the minimum receiving 
level career for every antenna from the detection result 
of the mentioned above level detection process, Ihe 
difference of the maximum receiving level in the output 
of this extraction process and the minimum receiving 
level is computed, the antenna that received the career 
with the highest receiving level in the minimum 
receiving level career for every antenna when the 
direction of a threshold had a small comparison result of 
this difference and threshold is chosen . The control 
process of controlling the mentioned above selection 
process, so that the average receiving level for every 
antenna chooses the greatest antenna, when the 
threshold is larger was provided. 

[0048] According to this method, the difference 
between the receiving levels in the career set to the 
minimum level for every antenna in OFDM system 
radio is small, even when the minimum level career for 
every antenna has fallen in about 1 appearance, suitable 
diversity can be performed and error rate characteristics 
can be improved. 
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[0049] The diversity method of the OFDM receiver 
according to the 14th mode of this invention, the 
partitioning process that divides an input signal into 
plural frequency bands when receiving the signal 
transmitted with the OFDM system, the level detection 
process of detecting the receiving level for every 
frequency band of this and the selection process that 
changes and uses plural antennas based on the detection 
result of this level detection process were provided. 
[0050] According to this method, in OFDM system 
radio, since the receiving level for every frequency band 
can be grasped, an antenna can be chosen in view of the 
depression condition of the receiving level for every 
frequency band and suitable diversity can be carried out. 

[0051] The diversity method of the OFDM receiver 
according to the 1 5 th mode of this invention, the 
extraction process of extracting a zone with the lowest 
receiving level from the detection result of the 
mentioned above level detection process in the 14th 
mode, the control process of controlling the mentioned 
above selection process to choose the antenna that 
received the zone with the highest receiving level in the 
zone used as the minimum receiving level for every 
antenna that this extraction process extracted was 
provided. 

[0052] According to this method, in OFDM system 
radio, by choosing an antenna with the highest receiving 
level of the minimum level zone for every antenna, 
suitable diversity can be performed and the number of 
symbols that a recovery improves simultaneously takes 
error rate characteristics can be reduced. 
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[0053] The diversity method of the OFDM receiver 
according to the 16th mode of this invention includes a 
thinning process at which the mentioned above 
partitioning process thins out the signal after division in 
the 14th mode or 15th mode. 
[0054] According to this method, in OFDM system 
radio, a sampling frequency required for DFT can be 
reduced and an operation amount can be reduced. 

[0055] In the 15th mode or 16th mode, as for the 
diversity method of the OFDM receiver according to the 
1 7th mode of this invention, the mentioned above 
extraction process extracted the zone with the lowest 
average receiving level. 

[0056] According to this method, in OFDM system 
radio, the accuracy of antenna selection can be raised 
and error rate characteristics can be improved. 
[0057] Next, this embodiment is described in detail with 
reference to drawings. Also in following embodiments, 
a known reference signal explains the case where it is a 
pilot symbol. 

[0058] (Embodiment 1) The composition and operation 
of OFDM receiver according to the 1st embodiment of 
the invention are explained using drawing 1. Drawing 1 
is a block diagram showing the composition of the 
OFDM receiver according to the 1st embodiment of the 
invention. 

[0059] The antenna changeover device 103 changes the 
antenna 101, 102. The analog mixer 104 mixes and 
carries out the down convert of the polar zone 
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oscillation signal to an input signal. AID converter 105 
changes an analog signal into a digital signal. 
[0060] DFT circuit 106 performs DFT to an input 
signal. The differentially coherent detection machines 
107- 110 perform differentially coherent detection to an 
input signal. The discrimination devices 111-118 judge 
the inputted signal. The P/S converter 119 changes the 
input signal of a plural series into the signal of one 
series. 

[0061] The level detectors 120-123 perform level 
detection of the signal after DFT. The switches 124-127 
change and output the signal inputted according to the 
output of the control signal that shows the timing of 
antenna selection or the discrimination devices 
mentioned later. The memories 128 and 129 store the 
level information for every antenna, respectively. The 
digital subtractors 130-133 perform subtraction 
treatment. 

[0062] Subsequently, the operation in the case of using 
an antenna one line is explained, the number of careers 
is set to 4. 

[0063] The selected output of the input signal received 
by the antennas 101 and 102 is carried out by the 
antenna changeover device 103. The antenna 
changeover device 103 is controlled by the decision 
result of the discrimination devices 118. 
[0064] Subsequendy, the analog mixer 104 makes the 
high frequency band signal that the antenna changeover 
device 103 outputs mix a polar zone oscillation signal 
and carries out a down convert. 
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After that, an input signal is sent to A/D converter 105 

and is changed into a digital signal. 

[0065] DFT circuit 1 06 performs a DFT operation to the 

digital signal that A/D converter 105 outputted and 

acquires 4 baseband signals transmitted by each of 4 

careers. 

[0066] With the differentially coherent detection 
machines 107- 110, differentially coherent detection is 
performed and, as for 4 baseband signals which DFT 
circuit 106 outputted, each differentially coherent 
detection signal is acquired, respectively. 

[0067] Although the case where a delay detection 
system was used as a demodulation method here was 
explained, a synchronous detection method may be 
used. 

[0068] A differentially coherent detection signal is 
judged by the discrimination devices 111-114, 
respectively, and the differentially coherent detection 
signal after a judgment is acquired. The P/S converter 
119 changes these into one signal and a demodulation 
signal is acquired. 

[0069] The level detectors 120-123 perform the sum of 
squares operation of the signal after DFT and detect the 
receiving level for every career. 
[0070] Subsequently, the subtractor 130 carries out 
subtraction treatment of the level information of the 
career 1 that the level detector 120 outputs and the level 
information of the career 2 that the level detector 121 
outputs and the discrimination devices 115 carries out a 
size judgment. 
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A decision result is outputted to the switch 124 and the 
switch 124 ou^uts the smaller one of the level 
information of the career 1 that the level detector 120 
outputs, the level information of the career 2 which the 
level detector 121 outputs. 
[0071] Similarly, the subtractor 131 carries out 
subtraction treatment of the level information of the 
career 3 that the level detector 122 outputs and the level 
information of the career 4 that the level detector 123 
outputs and the discrimination devices 116 carries out a 
size judgment. A decision result is outputted to the 
switch 125 and the switch 125 outputs the smaller one 
of the level information of the career 3 that the level 
detector 122 outputs, the level information of the career 
4 that the level detector 123 outputs. 

[0072] The subtractor 132 carries out subtraction 
treatment of the level information of the career 1 or the 
career 2 that the switch 124 outputs and the level 
information of the career 3 or the career 4 that the 
switch 125 outputs and the discrimination devices 117 
carries out a size judgment. A decision result is 
outputted to the switch 126 and the switch 126 outputs 
the one where the output of the switch 124 and the 
output of the switch 125 are smaller. 
[0073] As a result, the switch 126 is able to extract the 
smallest level information in the careers 1-4. 
[0074] If it is the level information of a career with the 
lowest receiving level inputted into the switch 127 at the 
antenna 101 selection time and it is it at the antenna 102 
selection time, it is stored in the memory 128, the 
memory 129, respectively. 



22 



[0075] Subsequently, the subtracter 133 carries out 
subtraction treatment of the minimum reception level 
information at the time of the antenna 101 selection 
stored in the memory 128 and the minimum reception 
level information at the time of the antenna 102 
selection stored in the memory 129 and the 
discrimination devices 118 performs a size judgment. A 
decision result is outputted to the antenna changeover 
device 103 and is controlled to choose an antenna with 
the highest receiving level of the minimum receiving 
level career for every antenna. 
[0076] Generally, in a frame format, before the 
message, the pilot symbol that is a known reference 
signal is added and level measurement for performing 
antenna selection is performed using the pilot symbol 
added before this message. 

[0077] Also, although the case where the mentioned 
above number of careers is 4 is described, it is possible 
the number of careers to be8, 16, 32, 64... Although the 
number of antennas explained the case where it was 
referred to as 2, it can take the same composition also 
about the case where the number of antennas is 
increased further, by providing the memory (the above 
two, 128 and 129) of the number of antennas and the 
same number. 

[0078] Under real environment, what is called 
frequency selective fading from which amplitude and 
phase change differ with frequency arises under the 
influence of a delayed wave and line quality changes 
greatly with each careers. 
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[0079] Generally the line quality of the career in which 
the error rate characteristics of line quality are bad 
becomes dominant, namely, the quality of length and 
the whole circuit worsens at a career with the worst line 
quality. 

[0080] Thus, the account of the above OFDM receiver 
that starts this embodiment as stated, in each antenna, 
perform level detection after DFT for every career and 
the career used as a minimum level is chosen, by 
comparing a level about the career set to the minimum 
level in each antenna and choosing the highest-level 
antenna, since it can avoid choosing the circuit that had 
the career with which one career or a receiving level fell 
greatly and from which the quality of the whole circuit 
has fallen, suitable antenna diversity can be performed 
also under frequency selective fading. 
[0081] (Embodiment 2) The OFDM receiver according 
to the 2nd embodiment of the invention performs 
antenna selection using the decision error after getting 
over instead of the receiving level that has the same 
composition as the OFDM receiver according to 
Embodiment 1 , however a level detector detects. 

[0082] Next, the composition and operation of an 
OFDM receiver according to this embodiment are 
explained using drawing 2. Drawing 2 is a block 
diagram showing the composition of the OFDM 
receiver according to the 2nd embodiment of the 
invention. The same numbers are given to the same 
composition as drawing 1 and thus the detailed 
explanation is omitted. 
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[0083] Compared with the OFDM receiver according to 
Embodiment 1, the level detectors 120-123 are removed 
and the OFDM receiver according to this embodiment 
takes the composition to that the subtractors 201-204 
were added instead. 

[0084] The subtractors 201-204 compute the difference 
of the differentially coherent detection signal that the 
differentially coherent detection machines 107-110 
output and the signal after each differentially coherent 
detection signal was judged by the discrimination 
devices 111-114. 

[0085] The decision error of the career 1 that the 
subtractor 201 outputs is outputted to the switch 124 
and the subtractor 130 like the level information of the 
career 1 of Embodiment 1. Next, the size judgment of 
the decision error of the careers 1-4 is performed 
similarly and the switch 126 outputs the decision error 
of a career with the largest decision error. 
[0086] Generally, since a phase error also becomes 
large while a receiving level becomes low, the bad 
career of line quality can raise the accuracy of line 
quality presumption by using not only reception level 
information but phase error information. 
[0087] Thus, by performing antenna selection using the 
decision error after a recovery, suitable diversity can be 
performed and error rate characteristics can be 
improved. 

[0088] (Embodiment 3) The OFDM receiver according 
to the 3rd embodiment of the invention has the same 
composition as the OFDM receiver according to 
Embodiment 1 , however when the reception level 
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difference of the minimum level career for every 
antenna is less than a threshold, it chooses an antenna 
with a larger average receiving level. 
[0089] When this has a small difference between the 
receiving levels in the career used as the minimum level 
for every antenna, since it is thought that the minimum 
level career for every antenna has fallen in about 1 
appearance, an example is taken by the ability of the 
antenna with intense depression of the minimum level 
career for every anteima not to perform diversity 
accordmg to Embodiment 1 of performing antenna 
selection, so that it may avoid. 
[0090] Next, the composition and operation of an 
OFDM receiver according to this embodiment are 
explained using drawing 3. Drawing 3 is a block 
diagram showing the composition of the OFDM 
receiver according to the 3rd embodiment of the 
invention. The same numbers are given to the same 
composition as drawing 1, and thus, the detailed 
explanation is omitted. 

[0091] The switch 126 of the receiving level for every 
antenna is the same as that of Embodiment 1 till the 
place that extracts the lowest career and extracts the 
antenna with which the discrimination devices 118 
includes a career with the highest receiving level in the 
minimum level career for every antenna. 
[0092] The integrator 301 computes the average 
receiving level for every antenna from the output of the 
level detectors 120-123. The switch 302 changes 
according to the control signal that shows the timing of 
antenna selection and it stores in the memory 303 at the 
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time of antenna 101 selection and it stores the output of 
the integrator 301 in the memory 304, respectively at 
the time of antenna 102 selection. The subtracter 305 
carries out subtraction treatment of the average 
reception level information at the time of the antenna 

101 selection stored in the memory 303 and the average 
reception level information at the time of the antenna 

102 selection stored in the memory 304 and the 
discrimination devices 306 performs a size judgment. 
[0093] On the other hand, the subtracter 307 carries out 
subtraction treatment of the difference and threshold 
during the output of the subtracter 133, i.e., the 
receiving level of the minimum level career for every 
antenna, and the discrimination devices 308 performs a 
size judgment. The discrimination devices 308 outputs a 
decision result to the switch 309. 

[0094] The switch 309 controls the antenna changeover 
device 103 to use an antenna with larger output, i.e., 
average receiving level, of the discrimination devices 
306, when the reception level difference of the 
minimum level career for every antenna, i.e., the output 
of the subtracter 133, is below a threshold. If the output 
of the subtracter 133 is more than a threshold (if there is 
a career with intense depression of a receiving level) the 
antenna changeover device 103 will be controlled to 
choose the antenna including a career with least 
depression. 

[0095] Thus, when the difference between the receiving 
levels of the minimum level career for every antenna is 
small, by choosing an antenna with a higher average 
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level, suitable diversity can be performed and error rate 
characteristics can be improved. 
[0096] (Embodiment 4) The OFDM receiver according 
to the 4th embodiment of the invention has the same 
composition as the OFDM receiver according to 
Embodiment 1, however using the receiving level 
according to zone instead of the receiving level 
according to career, performing antenna selection and 
reducing a symbol required for receiving level 
detection. 

[0097] Next, the composition and operation of OFDM 
receiver according to this embodiment are explained 
using drawing 4. Drawing 4 is a block diagram showing 
the composition of the OFDM receiver according to the 
4th embodiment of the invention. The same numbers are 
given to the same composition as drawing 1 , and thus, 
the detailed explanation is omitted. 

[0098] Till the place where A/D converter 105 performs 
an A/D conversion, since it already stated, it omits. The 
filters 401-404 divide the output of A/D converter 105 
into 4 frequency bands before the DFT processing by 
DFT circuit 106 plural zones. 

[0099] As for the signal of the lowest frequency band 
that the filter 401 extracted, a receiving level is detected 
by the level detector 120, like the following the signal 
of a low frequency band that the filter 402 extracted to 
the 2nd with the level detector 121. As for the signal of 
the highest frequency band where the filter 404 
extracted the signal of the frequency band high to the 
2nd that the filter 403 extracted with the level detector 
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122, a receiving level is detected by the level detector 

123, respectively. 

[0100] Next, the size judgment of a receiving level is 
performed like Embodiment 1 , the reception level 
information of a zone with the lowest receiving level at 
the time of antenna 101 selection is stored in the 
memory 128 and the reception level information of a 
zone with the lowest receiving level at the time of 
antenna 102 selection is stored in the memory 129. 

[0101] And the discrimination devices 118 carries out 
the size judgment of the minimum level for every 
antenna and the antenna changeover device 103 is 
controlled to choose an anteima with the highest 
minimum level for every antenna. 

[0102] When level detection is performed using the 
signal after DFT processing, since a DFT circuit outputs 
a signal for every symbol, the pilot symbol of at least 1 
symbol is required for it for every antenna. But, since 
level detection can be performed for every sampling 
period when the signal in front of DFT is used like this 
embodiment, a symbol required for the level detection 
for antenna selection can be reduced. 

[0103] Also, level detection can be performed using a 
guard interval, without adding a pilot symbol. 
[0104] Thus, the signal in front of DFT is divided into 
plural zones by filtering, by detecting the receiving level 
for every zone, choosing the zone that serves as a 
minimum level for every antenna and choosing an 
anteima with the highest receiving level of the minimum 
level zone for every anteima, suitable diversity can be 
performed and the number of symbols that a recovery 



29 



improves simultaneously takes error rate characteristics 
can be reduced. 

[0105] (Embodiment 5) The OFDM receiver according 
to the 5th embodiment of the invention has the same 
composition as the OFDM receiver according to 
Embodiment 4, however reduces a sampling frequency 
required for DFT processing by a thinning circuit. 
[0106] Next, the composition and operation of an 
OFDM receiver according to this embodiment are 
explained using drawing 5. Drawing 5 is a block 
diagram showing the composition of the OFDM 
receiver according to the 5th embodiment of the 
invention. The same numbers are given to the same 
composition as drawing 4, and thus, the detailed 
explanation is omitted. 

[0107] The thinning circuits 501-503 reduce the 
sampling frequency of the output signal of the filters 
401-403. Here, 3 thinning circuits are provided and 
reduction of a sampling frequency is not performed to 
the signal of the highest frequency band that is an output 
of the filter 404, for example. 

[0108] Next, Ihe minimum level zone for every antenna 
is detected like Embodiment 4 and diversity is 
performed so that an antenna with the highest receiving 
level of the minimum level zone for every antenna may 
be chosen. 

[0109] Thus, by reducing the sampling frequency of the 
signal after filtering, a sampling frequency required for 
DFT can be reduced and an operation amount can be 
reduced. 
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[0110] (Embodiment 6) The OFDM receiver according 
to the 6th embodiment of the invention has the same 
composition as the OFDM receiver according to 
Embodiment 5, however performs antenna selection 
using an average receiving level. . 
[0111] Next, the composition and operation of an 
OFDM receiver according to this embodiment are 
explained using drawing 6. Drawing 6 is a block 
diagram showing the composition of the OFDM 
receiver according to the 6th embodiment of the 
invention. The same numbers are given to the same 
composition as drawing 5, and thus, the detailed 
explanation is omitted. 

[0112] The integrators 601-604 integrate the output of 
the level detectors 120-123 and output by performing 
equalizing processing. Next, like Embodiment 5, the 
minimum level zone for every antenna is detected and 
diversity is performed, so that an antenna with the 
highest average receiving level of the minimum level 
zone for every antenna may be chosen. 
[0113] Thus, by performing antenna selection using the 
average receiving level for every zone, the accuracy of 
antenna selection can be raised and error rate 
characteristics can be improved. 

[01 14] (Embodiment 7) The OFDM receiver according 
to the 7th embodiment of the invention has the same 
composition as the OFDM receiver according to the 
mentioned above Embodiment 1 or Embodiments 3-6, 
however the simple composition is used for it with the 
level detectors 120-123 and it reduces an operation 
amount more. 
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[01 15] In this embodiment, the case where an input 
signal is a signal by which QPSK modulation was 
carried out is explained. 

[01 16] The level detector of this embodiment carries out 
approximation calculation of the envelope information 
from the absolute value of I ingredient and a Q 
component and detects a receiving level. 
[01 17]Tlie envelope information Z, Z=v(|Ip+|Q|^) so it 
is possible find sum, relatively many operational 
quantities are required. Then, computing approximately 
by Z=|I|+|Q| is also considered, so that it may end with a 
small operation amount. If this approximate expression 
is used, 1 .414 times of the value computed by sum of 
squares root (|Ip+|Q|^), namely, about 41% of error, will 
be produced at the maximum (when a phase is 45°) and 
error rate characteristics will deteriorate. 

[0118] So, according to this embodiment, the 
approximate expression using the multiplication that can 
be simply performed by a bit shift is used. That is, in 
|I|>|Q|, in Z=|I|+0.375x|Q|, |Q|>|I|, ZHQ|+0.375x|I| is 
used as an approximate expression. 

[0119] Drawing 7 is the graph that shows the result of 
having asked for the relation of the time of |I|>|Q|, the 
phase ? that can be set without the range of 0<=?<=45° 
and a presumed radius, amplitude, by theoretical 
calculation in this approximate expression. From this 
graph, by using the mentioned above approximate 
expression shows that envelope information can be 
acquired with less than 7% of error compared with the 
case where it asks by a sum of squares. 
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[0120] Next, the level detector of the OFDM receiver 
according to this embodiment that searches for envelope 
information using the mentioned above approximate 
expression and detects a receiving level is explained 
using drawing 8. Drawing 8 is a block diagram showing 
the composition of the level detector of the OFDM 
receiver according to the 7th embodiment of the 
invention. 

[0121] I ingredient and the Q component of one career 
of an input signal after DFT are inputted into the 
absolute value detectors 801 and 802. The absolute 
value detectors 801 and 802 take the absolute value of 
an input s^nal, and output it to the subtractor 805 and 
the adding machine 810. Selection of I ingredient and a 
Q component is performed by the switches 803 and 804. 
The subtraction result of the subtractor 805 is judged by 
the discrimination devices 806, and a decision result is 
reflected in control of the switches 803 and 804. 
[0122] 2 bit-shift machine 807 and 2 bits of 3 bit-shift 
machines 808 reach, and carry out 3 bit shifts of the 
output of the switch 804, respectively. The output of 2 
bit- shift machine 807 and 3 bit- shift machine 808 is 
added by the adding machine 809. Thus, the 
multiplication processing of 0.375 in the mentioned 
above approximate expression is made. The adding 
machine 810 adds the output of the switch 803, and the 
output of the adding machine 809, and outputs envelope 
information. 

[0123] Next, operation of the level detector of the 
OFDM receiver according to this embodiment is 
explained. 



33 



[0124] I ingredient and a Q component have an absolute 
value detected by the absolute value detector 801,802, 
respectively, and |I| and |Q| are obtained. 

[0125] Subsequently, subtraction treatment of the output 
(|I| and IQI) of the absolute value detector 801, 802 is 
carried out with the subtractor 805 and the 
discrimination devices 806 performs a size judgment 
using the output. The output (|I|, |Q|) of the absolute 
value detector 801, 802 is chosen and outputted by the 
switches 803, 804, respectively. The switches 803, 804 
choose the signal outputted according to the decision 
result of the discrimination devices 806. 
[0126] The switch 803 will output |I|, if the output of the 
discrimination devices 806 is |I|>|Q|, and if it is |Q|>|I|, it 
will output |Q|. The switch 804 will output |Q|, if the 
output of the discrimination devices 806 is |I|>|Q| and if 
it is |Q|>|I|, it will output |I|. That is, the switch 803 
outputs the larger one of |I| and |Q|, and the switch 804 
outputs the smaller one of |I| and |Q|. 

[0127] Next, the smaller one of |I| outputted from the 
switch 804, and |Q| 2 bit- shift machine 807 and 3 bit- 
shift machine 808 respectively 2 bit shifts and 3 bit 
shifts are carried out. 

[0128] Since amplitude becomes half by 1 bit shift, at 2 
bit shifts, it becomes 0.125 time by 0.25 time and 3 bit 
shifts. Thus, the amplitude of the output signal of 2 bit- 
shift machine 807 will be 0.25 time the amplitude of the 
output signal of the switch 804 and the amplitude of the 
output signal of 3 bit-shift machine 808 will be 0.125 
time the amplitude of the output signal of the switch 
804. 
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[0129] Next, in order that the adding machine 809 may 
add the output signal (0.25 x |I| or 0.25 x |Q|) of 2 bit- 
shift machine 807, and the output signal (0.125 x |I| or 
0.125 X IQI) of 3 bit-shift machine 808. The output 
signal of the adding machine 809 becomes 0.375 x |I| or 
0.375 X |Q|. 

[0130] Finally, the adding machine 810 can add the 
output signal (|I| or |Q|) of the switch 803, and the 
output signal (0.375 x |I| or 0.375 x |Q|) of the adding 
machine 809, and can acquire the envelope information 
Z by the mentioned above approximate expression. 

[0131] Thus, since the level detector used for detection 
of a receiving level takes the simple composition that 
does not use a multiplier and a memory and takes the 
method of detecting a level in quest of an envelope, a 
device can simplify and the OFDM receiver according 
to this embodiment can reduce a required operation 
amount. 

[0132] In calculation of an envelope, a sum of squares 
cannot be calculated but a still more nearly required 
operation amount can be reduced on a circuit by using 
easy multiplication realizable by a bit shift and the 
approximate expression that consists only of addition. 
[0133] In this embodiment, although the case where an 
input signal is a signal by which QPSK modulation was 
carried out is explained, if it is a case where an input 
signal is processed by I ingredient and a Q component, 
it is applicable similarly. 

[0134] (Embodiment 8) As the OFDM receiver 
according to the 8th embodiment of the invention has 
the same composition as the OFDM receiver according 
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to the mentioned above Embodiments 1-7, however 
does not use a multiplier and a memory for a 
differentially coherent detection machine, it reduces 
circuit structure. 

[0135] Next, the OFDM receiver according to this 
embodiment is explained using drawing 9. Drawing 9 is 
a block diagram showing the composition of the 
differentially coherent detection machine of the OFDM 
receiver according to the 8th embodiment of the 
invention. It is trying for the differentially coherent 
detection machine according to this embodiment to 
reduce the operation that asks for a phase. 
[0136] In this embodiment, the case where an input 
signal is a signal by which QPSK modulation was 
carried out is explained. 

[0137] Absolute value detection is carried out by the 
absolute value detectors 901 and 902, respectively, and I 
ingredient and the Q component of an input signal are 
outputted to the subtracter 903. 

[0138] I ingredient and the Q component of an input 
signal are inputted into the quadrant discrimination 
devices 904, and a quadrant is judged. Next, the 
quadrant discrimination device 904 is explained in full 
detail. 

[0139] When asking for a phase from I ingredient and 
the Q component of an input signal, it is necessary to 
calculate phase ?=arctan (Q/I) of I and Q baseband 
signal and this arctan (Q/I) can be approximated based 
on following formula. 
arctan(Q/I) =|I|-|Q| - (1) 
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[0140] Drawing 10 is the graph that shows the relation 
between arctan (Q/I) and |IHQ|- Thus, even if 
approximated by ?=|I|-|Q|, the error can be less than 
1.8° 

[0141] The quadrant discrimination devices 904, based 
on the mentioned above approximate expression, it 
judges with the 1st quadrant if is |I|-|Q|=-4 ?/p+l, like 
the following, if it is |I|-|Q|=4 ?/ p-3, it is 2nd quadrant 
and |I|-|Q|=-4 ?/ p -3 and it is 3rd quadrant and |I|-|Q|=4 
?/ p +1, it will judge with the 4th quadrant. 
[0142] Next, the converter 905 changes the output of the 
subtractor 903 according to the decision result of the 
quadrant discrimination devices 904 and asks for the 
phase ?. 

[0143] Finally, the subtractor 906 subtracts the output of 
1 symbol delay device 907 for the output of the 
converter 905, and the output of the converter 905 and 
outputs a differentially coherent detection signal. 
[0144] Thus, instead of calculating arctan (Q/I) using a 
multiplier and a memory, by judging the quadrant to 
which subtraction and the phase of |I| and |Q| belong, a 
required operation amount can be reduced and, 
according to this embodiment, circuit structure can be 
reduced in a differentially coherent detection machine. 
[0145] In this embodiment, although the case where an 
input signal is a signal by which QPSK modulation was 
carried out is explained, if it is a case where an input 
signal is processed by I ingredient and a Q component, 
it is applicable similarly. 
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[0146] As mentioned above, in OFDM system radio 
according to Embodiments 1-8, in order for the quality 
of the whole circuit pulls to the career with which the 
receiving level fell most and to fall to it, by making it 
not use the antenna fliat caught the signal including a 
career with the lowest receiving level and using the 
anteima including a career with the highest receiving 
level of the minimum receiving level career for every 
antenna, suitable anteima diversity can be performed 
under frequency selective fading too. 

[0147] In the phase calculation for taking the amplitude 
calculation and the synchronization for receiving level 
detection, by using an easy approximate expression with 
few errors, it can be considered as the structure of 
excluding a multiplier with many operation amounts, 
the required operation amount in the whole receiver can 
be reduced and a signal processing speed can be brought 
forward. 

[0148] In the mentioned above Embodiments 1-8, a 
known reference signal is not restricted to a pilot 
symbol. 
[0149] 

[Effect of the Invention] As explained above, according 
to this invention, anteima diversity suitable at the time 
of frequency selective fading generating can be 
performed. 
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[Brief description of the drawings] 

[Drawing 1] is the block diagram showing the 
composition of the OFDM receiver according to the 1st 
embodiment of the invention. 

[Drawing 2] is the block diagram showing the 
composition of the OFDM receiver according to the 2nd 
embodiment of the invention. 

[Drawing 3] is the block diagram showing the 
composition of the OFDM receiver according to the 3rd 
embodiment of the invention. 
[Drawing 4] is the block diagram showing the 
composition of the OFDM receiver according to the 4th 
embodiment of the invention. 

[Drawing 5] is the block diagram showing the 
composition of the OFDM receiver according to the 5th 
embodiment of the invention. 

[Drawing 6] is the block diagram showing the 

composition of the OFDM receiver according to the 6th 

embodiment of the invention. 

[Drawing 7] is the graph that shows the theoretical 

calculation result of the envelope information 

calculation approximate expression used with the level 

detector of the OFDM receiver according to the 7th 

embodiment of the invention. 

[Drawing 8] is the block diagram showing the 

composition of the level detector of the OFDM receiver 

according to the 7th embodiment of the invention. 
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[Drawing 9] is the block diagram showing the 
composition of the differentially coherent detection 
machine of the OFDM receiver according to the 8th 
embodiment of the invention. 
[Drawing 10] is the graph that shows the theoretical 
calculation result of the phase calculation approximate 
expression used with the differentially coherent 
detection machine of the OFDM receiver according to 
the 8th embodiment of the invention. 

[Drawing 1 1] is the block diagram showing the 
composition of the conventional OFDM receiver. 

[Drawing 12] is the block diagram showing the 
composition of the differentially coherent detection 
machine of the conventional OFDM receiver. 

101, 102 Antenna 

103 Antenna changeover device 

106 DFT circuit 

107- 110 Differentially coherent detection machine 
111-118 Discrimination devices 
120- 123 Level detector 
128, 129 Memory 
201-204 Subtractor 

301 Integrator 

302 Switch 

303, 304 Memory 

305 Subtractor 

306 Discrimination devices 
401-404 Filter 
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501-503 Thinning circuit 

601-604 Integrator 

801, 802 Absolute value detector 

807 2 bit- shift machine 

808 3 bit- shift machine 

901, 902 Absolute value detector 

904 Quadrant discrimination devices 

905 Converter 
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